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(Abstract) 
(Amended) 

Object 

To put forward a liquid crystalline compound having rapid response rate and which is 

effective to reduce temperature dependency of the response rate, a liquid crystal 
composition containing the same, a liquid crystal element using the said liquid crystal 
composition and a display process and a display apparatus using them* 

Construction 

A liquid crystalline compound represented by the following general formula 



a liquid crystal composition containing at least one member of said liquid crystalline 
compounds, a liquid crystal element obtained by arranging the said liquid crystal 
composition between one pair of electrode base platess and a display process and a 
display apparatus using them. 

Patent Claims 

Claim 1 

A liquid crystalline compotmd represented by following general formula (I) 



(wherein in the said formula (I), Rl and R2 are straight chain form or branched chain 
form alkyl groups of carbon number 1-lS, and 1 or 2 or more methylene groups in the 
said alkyl group may be substituted by 




in an embodiment, for example 




» 
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F 

-0-, -C-, -CH = CH-, -c = c-, -in- 

& 

CFa CN CHs 

-CH-, -CH-, -C- 

CN 

in the condition wherein heteroatoms are not adjacently positioned, and Yl is selected 
from a single bond, 

-CO-. -0C-. -CHzO-. -OCHa- 

^ <i 

and Al is selected from 

-^V, -<£>-, 

ig^ 

Wherein. XI. X2 are each independently selected from H, F, CF3. CH3, CN, but XI and 
X2 are not simultaneously U. Wherein when Yl is a single bond, 

-O^-, -OCHa-- 

Al may be 

and moreover when Yl is a single bond, Al may be 






Claim 2 

A liquid crystal displaying compound represented by the aforesaid general formula (la) 
- CH. ""©-A' - R» (la) 
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(wherein in the said formula, Rl and R2 are straight chain form or branched chain form 
alkyl groups of carbon number 1-18, and 1 or 2 or more methylene groups in said alkyl 
group may be substituted by 

F 

_o-, -C-. -is-, -cH=CH-. -Csc-, -in- 

CF3 CN CHa 

-CH-, -in-, -c- 

CN 

in the condition wherein the heteroatoms are not adjacently positioned, 
and A2 is selected from 

N-N 



Claim 3 

A liquid crystal displaying compound represented by the aforesaid general formula (lb) 

(wherein in the said formulae, Rl and R2 are straight chain form or branched chain form 
alkyl groups of carbon number 1-1 8, and 1 or 2 or more methylene groups in said alkyl 
group may be substituted by 

F 

-C-, -is-. -CH = CH-. -csc-, -hn- 

CF3 CN CHa 

CN 

in the condition wherein heteroatoms are not adjacently positioned, and Y2 is selected 
from 

-CO-, -0C-, -CHiO-. -OCHa- 

o o 

and A3 is selected from 
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^v. ^cy. 

iP>- 

Wherein, XI, X2 are each independently selected from H, F, CF3, CHS, CN, but XI and 
X2 are not simultaneously H. Wherein when Y2 is 

-OCHa- 

O 

A3 may be 

-<□>-. -O-^ 

Claim 4 

A liquid crystalline compound in accordance with Claim 1, wherein in compound 
represented by the aforesaid general formula G)> ^1 is selected from the following (i)-(iii) 
and (v), and R2 is selected from (iXv). 

(i) -G'-CwH2^i-n 

(w is an integer of 1-17), 

Cii) CHa 

- G» ^ CH,^ CH - C„H^. 1 
(m is an integer of 0-7, and n is an integer of 1-9. Moreover, it may be optically active), 

Gii) CHa 

(r is an integer of 0-7, s is 0 or 1, and t is an integer of 1-14. Moreover, it may be 
optically active), 

(iv) F 

(u is an integer of 1 -1 6 and it may be optically active) and 

(v) CF» 
-G^-f CH,-)^CHC^,i 
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(p is 1 or 2, and q is an integer of 1-14. Moreover, it may be optically active). 
Wherein, Gl denotes a single bond. 




and G2 is -O- or 



Claims 

A liquid crystalline compound in accordance with Claim 2, wherein in compound 
represented by the aforesaid general formula (la), Rl is selected from the following (i)- 
(iii) and (v), and R2 is selected from (iHv). 

(i) -G^-CwH2w>rn 

(w is an integer of 1- 1 7), 

GO CH, 



(m is an integer of 0-7, and n is an integer of 1-9. Moreover, it may be optically active). 



(r is an integer of 0-7, s is 0 or 1, and t is an integer of 1-14. Moreover, it may be 
optically active). 




Ciii) 



(iv) 



F 



-G"-CHiC:HCJle,.i 
(u is an integer of 1-1 6 and it may be optically active) and 



Cv) CFs 



(p is ] or 2, and q is an integer of 1 -14. Moreover, it may be optically active). 
Wherein, Gl denotes a single bond, 

-o--, -CO'. - ce- 



ll 

O 



and G2 is -O- or 
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Claiin6 

A liquid crystalline compound in accordance with Claim 3, wherein in compound 
represented by the aforesaid general formula (lb), Rl is selected from the following (i)- 

(iii) and (v), and R2 is selected from (iHv). 

(i) -G^-CwH2wtrn 

(w is an integer of 1-17), 

Oi) CH. 

(m is an integer of 0-7, and n is an integer of 1-9. Moreover, it may be optically active), 
(iiO CH. 

(r is an integer of 0-7, s is 0 or 1, and t is an integer of 1-14. Moreover, it may be 
optically active), 

(iv) F 
I 

~ G' — CHaCHCJEIes -» i 
(u is an integer of 1 - 16 and it may be optically active) and 

(v) CFa 

(p is 1 or 2, and q is an integer of 1-14. Moreover, it may be optically active). 
Wherein, Gl denotes a single bond, 
-0", -CO-. -OO- 
11 I' 

o o 

and G2 is -O- or 
-CO' 

a 

Claun? 

A liquid crystal composition characterised by containing at least one liquid crystalline 
compound in accordance with Claim 1 . 
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Claims 

A liquid crystal composition in accordance with Claim 7 characterised by containing the 
liquid crystalline compound represented by general formula (I) in 1-80 wt.% with respect 
to the aforesaid liquid crystal composition. 

Claim 9 

A liquid crystal composition in accordance with Claim 7 characterised by containing the 
liquid crystalline compound represented by general formula (I) in 1-60 wt.% with respect 
to the aforesaid liquid crystal composition. 

Claim 10 

A liquid crystal composition in accordance 
liquid ciystalHne compound represented by 
to the aforesaid liquid crystal composition. 

Claim 11 

A liquid crystal composition in accordance with Claim 7, wherein the aforesaid liquid 
crystal composition has chiral smectic phase. 

Claim 12 

A liquid crystal element characterised by arranging liquid crystal composition in 
accordance with Claim 7 between one pair of electrode base plates. 

Claim 13 

A liquid crystal element in accordance with Claim 12, wherein the orientation controlling 
layer is provided on the aforesaid electrode base plates. 

Claim 14 

A liquid crystal element in accordance with Claim 13, wherein the aforesaid orientation 
controlling layer is layer which is rubbing treated. 

Claim 15 

A liquid crystal element in accordance with Claim 12, wherein the aforesaid pair of 
electrode base plates are arranged with film thickness in which the spiral formed by 
arrangement of liquid crystal molecules is removed. 



with Claim 7 characterised by containing the 
general formula (I) in 1-40 wt.% with respect 
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Claim 16 

A display apparatus having liquid crystal element in accordance with the aforesaid Claim 
12. 

Claim 17 

A display apparatus in accordance with Claim 16 further having drive circuit of liquid 
crystal element. 

Claim 18 

A display ^paratus in accordance with Claim 1 6 further having light source. 
Claim 19 

A display process using a liquid crystal composition containing at least one member of 
liquid crystalline compound represented by following general formula (I) 



(wherein in the said formulae (I), Rl and R2 are straight chain form or branched chain 
form alky I groups of carbon number 1-lS, and 1 or 2 or more methylene groups in said 
alkyl group may be substituted by 



in the condition wherein heteroatoms are not adjacently positioned, and Yl is selected 
firom the single bond. 




F 




CN 





-OCHa- 



andAI is selected from 
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-^V, 



Wherein, XI, X2 are each independently selected from H, F, CF3, CH3, CN, but XI and 
X2 are not simultaneously H. Wherein when Y 1 is a single bond, 

^OC-. -OCH2- 

li 

Al may be 

and moreover when Yl is a single bond, Al may be 



-Cj^. -0^ 



y 



Claim 20 

A display process using a liquid crystal composition containing at least one member of 
liquid crystalline compound represented by following general formula (la). 

R>--CH2-^^--^^A='-R" (la) 

(wherein in the said fonnula, Rl and R2 are straight chain form or branched chain form 
alkyl groups of carbon number 1-18, and 1 or 2 or more methylene groups in said alky I 
group may be substituted by 

F 

-0-. -C-, -S-. ~CH = CH-, -CsC«. -^H- 
O 



CFs CN CHa 



I 

CN 

in Ae condition wherein heteroatoms are not adjacently positioned. 
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and A2 is selected from 

-<o^. 

Claim 21 

A display process using a liquid crystal composition containing at least one member of 
liquid crystalline compound represented by following general formula (lb) 

' """O^ -<@^^ - - (lb) 

(wherein in the said formulae, Rl and R2 are straight chain form or branched chain form 
alkyl groups of carbon number 1-18, and 1 or 2 or more methylene groups in said alkyl 
group may be substituted by 

F 

-0-. -C-, -CH = CH-. -csc~, -in- 

CFa CN CH 

-CH-. -in-, -c- 

CN 

in the condition wherein heteroatoms are not adjacently positioned, and Y2 is selected 
from 

-CO-, -OC--. -CHiO-, -OCHa- 



and A3 is selected from 



n 

-^v. ^cy. -<£>-. 
-w^ ^ 

Wherein, XI, X2 are each independently selected from H, F, CF3, CH3, CN, but XI and 
X2 are not simultaneously H. Wherein when Y2 is 
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-OCHa- 



A3 may be 



Claun22 

A display process in accordance with Claim 19, wherein in compound represented by the 
aforesaid general formula (I), Rl is selected from the following (iH»0 and R2 is 

selected from (iy(y), 

(i) -G^-CwH2^rn 

(w is an integer of 1-17), 



- G'^ CHt-hr CH - CrHt..! 
(m is an integer of 0-7« and n is an integer of 1-9. Moreover, it may be optically active). 



(r is an integer of 0-7, s is 0 or 1, and t is an integer of 1-14. Moreover, it may be 
optically active). 



(ii) 



CH. 



Oil) 



Civ) 



F 



(u is an integer of 1-1 6 and it may be optically active) and 



(v) CF> 



-G'-(CH,->rCHCJi„.» 
(p is 1 or 2, and q is an integer of 1-14. Moreover, it may be optically active). 
Wherein, Gl denotes a single bortd, 
-0-. -CO-, ~0C- 



and G2 is -O- or 
-CO- 
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Claim 23 

A display process in accordance with Claim 20, wherein in compound represented by the 
aforesaid general formula (la), Rl is selected from the following (i)-(iii) and (v), and R2 
is selected from (0-(v). 

(i) -G'-CwH2w+i-n 

(w is an integer of 1-17), 

(ii) CH, 

(m is an integer of 0-7, and n is an integer of 1-9. Moreover, it may be optically active), 
Gii) CH» 

(r is an integer of 0-7, s is 0 or 1, and t is an integer of 1-14. Moreover, it may be 
optically active), 

(iv) F 
-G«-CHaCHCJiB.M 

(u is an integer of 1-1 6 and it may be optically active) and 

(v) CPs 
-G'-^CH4-h-<!:HCJjU,.x 

(p is 1 or 2, and q is an integer of 1-14. Moreover, it may be optically active). 
Wherein, Gl denotes a single bond, 
-CO-. -OC- 

and G2 is -O- or 
Claiin 24 

A display process in accordance with Claim 21, wherein in compound represented by the 
aforesaid general formula (lb), Rl is selected from the following (iXiii) and (v), and R2 
is selected from (i)-(v). 

(i) -G*-CwH2wf i-n 
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(w is an integer of 1-1 7), 

Qi) CHa 

- G» -4 CH, -kr CH - CnH*. . i 

(m is an integer of 0-7» and n is an integer of 1-9. Moreover, it may be optically active), 

CiiD CHs 

- G*-f CH,->r CH-ne CH»:>i- O - GHai.i 

(t is an integer of 0-7, s is 0 or 1, and t is an integer of 1-14. Moreover, it may be 
optically active), 

(iv) F 

(u is an integer of 1 -16 and it may be optically active) and 

(v) CF. 

(p is 1 or 2, and q is an integer of 1-14. Moreover, it may be optically active). 
Wherein, Gl denotes a single bond, 

-CO-, -oc- 

A ii 

and G2 is -O- or 

T 

Claim 24 (sic) 

A display process in accordance with Claim 19 characterised by containing the liquid 
crystalline compound represented by general formula (7) in 1-80 wt.% with respect to the 
aforesaid liquid crystal composition. 

Claim 25 (sic) 

A display process in accordance with Claim 19 characterised by containing the liquid 
crystalline compound represented by general formula (I) in 1 -60 wt.% with respect to the 
aforesaid liquid crystal composition. 
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Claim 26 (sic) 

A display process in accordance with Claim 19 characterised by containing the liquid 
crystalline compound represented by general formula (I) in 1-40 wt.% with respect to the 
afoiesaid liquid crystal composition. 



Claim 27 (sic) 

A display process in accordance with Claim 19, wherein the aforesaid liquid crystal 
composition has chiral smectic phase. 



Claim 28 (sic) 

A display process in accordance with Claim 27, wherein the display is carried out by 
electrically driving the aforesaid liquid crystal composition. 

Claim 29 (sic) 

A display process using a liquid crystal element obtained by arranging liquid crystal 
composition containing at least one member of liquid crystalline compound represented 
by following general formula (1) between one pair of electrode base plates. 

R^-CH.-^^— ^^Y^-A^-R» (I) 

(wherein in the said formulae (I), Rl and R2 are straight chain form or branched chain 
form alkyl groups of carbon number 1-18, and 1 or 2 or more methylene groups in said 
alkyl group may be substituted by 

F 

-c-, -is-. -CH = CH-. -c=c-, -<!:h- 
o 



CF» ^Hs 



CN 

in the condition wherein heteroatoms are not adjacently positioned, and Yl is selected 
from the single bond, 

-CO-, -OC-, -CHaO-, -CX^i- 



and Al is selected from 
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■^!>. 

Wherein, XI, X2 are each independently selected from H, F, CF3, CH3, CN, but XI and 
X2 are not simultaneously H. Wherein when Yl is a single bond, 

O 

Al may be 

and moreover when Yl is a single bond, Al may be 

<^ 

Claim 30 (sic) 

A display process in accordance with Claim 29, wherein the orientation controlling layer 
is further provided on the aforesaid electrode base plate. 

Claim 31 (sic) 

A display process in accordance with Claim 30, wherein the aforesaid orientation 
controlling layer is a rubbing- treated layer. 

Claim 32 (sic) 

A display process in accordance with Claim 29, wherein the aforesaid pair of electrode 
base plates are arranged with the film thickness in which the spiral formed by 
arrangement of liquid ciystal molecules is removed. 

Claim 33 (sic) 

A display process in accordance with Claim 32, wherein the display is carried out by 
electrically driving the aforesaid liquid crystal composition. 
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Detailed Description of the Inventioii 

(0001) 

sphere of Application in Industry 

This invention relates to a novel liquid crystalline compound, a liquid crystal composition 
containing the same, a liquid crystal device and display unit using the same, more 
particularly, this invention relates to a novel liquid crystal composition with improved 
response character with respect to electric field, a liquid crystal device to be used as 
liquid crystal display device using the same, liquid ciystal-light shutter and the like and a 
display unit using die said liquid crystal device for the display. 

(0002) 

Technolop^^ of the Prior Art 

In Ihe prior art, liquid crystal has been applied to various kinds of fields as electrical optic 
element. Presently, the most of the liquid crystal elemem put to practical application uses 
liquid crystal of TN (Twisted Nematic) type that was described for example by M, Schadt 
and W. Helfrich, Applied P:hysics Letters Vo.l8, No.4, pp.127-128 (1971.2.15) '^Voltage 
Dependent Optical Activity of a Twisted Nematic Liquid Crystal". 

(0003) 

These are based on the dielectric orientation effect of liquid crystal, and utilise tfie effect 
wherein the average molecular axis direction turns to specific direction due to an applied 
electric field as aresult of the dielectric anisotropy of liquid crystal molecules. The limit 
of optical response rate of these elements is said to be millisecond and is too slow for 
many applications. On the other hand, for the application in large-screen flat display, the 
drive using simple matrix system is the most effective on consideration of the price, 
productivity and the like. With the simple matrix system, an electrode construction in 
which the scanning electrode group and signal electrode group are constructed in a matrix 
form has been adopted, and, for the drive thereof, a time division drive system is adopted 
wherein the address signal is selectively applied periodically to the scanning electrode 
group, and the prescribed information signal is applied to the signal electrode group in 
parallel in synchronized manner with the address signal. 

(0004) 

However, when the aforesaid liquid crystal of TN type is used for the element of such 
drive system, a finite electic field will be applied to a region where the scanning electrode 
is selected but the signal electrode is not selected, or a region where the scanning 
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electrode is not selected but *e signal electrode is selected (so-called "semi-selected 
point"). 

(0005) 

When the difference between a voltage applied to a selected point and a voltage applied 
to a half-selected point is sufficiently large, then if the threshold voltage at which the 
molecules of a liquid crystal are oriented in the direction perpendicular to an electric field 
applied is between the above described voltages, the correct operation of a display 
element can be ensured. However, when the nimiber (N) of scanning lines is increased, a 
time period (duty ratio) during which one selected point is subjected to an effective 
electric field during the time when the whole frame (one frame) is scanned is decreased at 
a ratio of 1 /N. 

(0006) 

As a consequence, when repetitive scanning is performed, the greater the number of 
scanning lines, the smaller the effective voltage difference between a selected point and a 
non-selected point becomes. As a result, tiie problems of reduction in contrast of a picture 
and of crosstalk are unavoidable. 

(0007) 

These essentially unavoidable problems results when a driving method (that is, a 
repetitive scanning method) in which a liquid crystal which is not bistable (that is, a 
liquid crystal in which the molecules assume a stable state in which they are oriented in 
the horizontal direction relative to the surfaces of the electrodes and are oriented in the 
vertical direction only when an effective electric field is applied) is driven by utilizing a 
time storage effect. 

(0008) 

In order to overcome these problems, there have been proposed a voltage averaging 
method, a two-frequency driving, a multiple matrix method and so on. However, neither 
of these is satisfactory, and it is impossible at present to provide a display device with a 
large picture size and with a high density of picture elements because it is impossible to 
increase the number of scanning lines. 

(0009) 

As device that improves the shortcoming of such current liquid crystal element, the use of 
liquid crystal molecule having bistability is proposed by Clark and Ls^erwall (Kokai S6- 
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107216, US Patent 4, 367, issue 924 specification or the like). As bistable liquid crystal, 
liquid crystal of chiral smectic C phase (SmC* phase) or H phase (SmH* phase) 
ferroelectricify is generally used. 

(0010) 

This ferroelectric liquid crystal has the bistable state comprising the first optically stable 
state with respect to electric field and the second optically stable state, and unlike the 
optical modulation element using the aforesaid TK type liquid ciystal, for example, the 
liquid crystal is orientated In the first optically stable state with respect to one electric 
field vector, and the liquid crystal is orientated in the second optically stable state with 
respect to the other electric field vector. Moreover, liquid crystal of this type has the 
characteristic to assume either of the aforesaid two stable state in response to the electric 
Held applied, and also to maintain the same state when there is no electric field 
(bistability). 

(0011) 

In addition to the character of having Ihe aforesaid bistability, ferroelectric liquid crystal 
has an excellent character of high speed responsiveness. This is because the transition of 
orientation is induced by direct action between the spontaneous polarization of 
ferroelectric liquid crystal and the applied electric field, and it is 3-4 orders faster than ihs 
response rate due to the action of dielectric anisotropy and electric field. 

(0012) 

Tn this way, ferroelectric liquid crystal has extremely excellent character potentially, and 
most of problems of the said prior art TN type element can be essentially improved by 
using such properties. In particular, applications in high-speed optical light shutters and 
high density, large screen displays are anticipated. Therefore, studies have been widely 
carried out on liquid crystal material having ferroelectricity, however, it is hard to say 
that the ferroelectric liquid crystal materials developed to date have sufficient 
characteristics to be used as liquid crystal element including low temperature driving 
properties, high speed responsiveness. 

(0013) 

The relationship of the following equation [II] exists between the response time tv the 
size Ps of spontaneous polarization and viscosity t). 
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(0014) 

(Equation 1 ). 

tl=Ti/(Ps-E) [U] 

(wherein, E is applied electric field) 

(0015) 

Accordingly, in order to make response rate fast, there are processes 

(a) to make the size Ps of spontaneous polarization greater, 

(b) to make the viscosity ri smaller, or 

(c) to make the ^plied electric field E greater. 

However, there is a upper limit for the applied electric field because of driving with IC, 
and it is preferably as low as possible. Accordingly, in practice, the viscosity t] is made 
smaller or the value of size Ps of spontaneous polarization needs to be made greater. 

(0016) 

Generally, in the ferroelectric chiral smectic liquid crystal compound with a large 
spontaneous polarization, the internal electric field of the cell brought on by the 
spontaneous polarization is large, and restrictions to the element constitution that can 
have bistable state tends to increase. And even if the spontaneous polarization is made 
greater in vain, viscosity also tends to increase, and as a result, it is thought that the 
response rate is not increased much. 

(0017) 

Moreover, when the working temperature range, as real display is set for example at 5- 
40^C approx, generally there is around a 20 fold change in the response rate, and the 
present situation is that the change exceeds the limit of control using drive volt^e and 
frequency. 

(0018) 

As described above, in order to put ferroelectric liquid crystal element to practical use, a 
liquid crystal composition showing chiral smectic phase with low viscosity, high speed 
response and small temperature dependency of response rate is demanded. 

(0019) 

Problems to be Overcome bv this Invention 

The object of this invention is to put forward the following, namely, in order to put the 
aforesaid ferroelectric liquid crystal element into practical use, to put forward a liquid 
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ciystalline compound having fast response rate and in addition which is effective for 
reducing the temperature dependency of the response rate thereof, to put forward a liquid 
crystal composition containing the same, in particular a liquid crystal composition 
displaying ferroelectric chiral smectic phase, and a liquid crystal element using the said 
liquid crystal composition, a display process and a visual display using these. 

(0020) 

Means to Overcome these Problems 

In other words, this invention is liquid crystalline compound represented by following 
general formula (1). 



(0021) 

General formula (I) 
(0022) 



(I) 



(0023) 

(wherein in the said formula (I), Rl and R2 are straight chain form or branched chain 
fonn alkyl groups of carbon number 1-18, and 1 or 2 or more methylene groups in the 
said alkyl group may be substituted by 
(0024) 

F 

-0-, -C-. -S-. -CH = CH-, -c = c-. -in- 

CF3 CN CHa 

-CH-, -i- 

CN 

in the condition wherein heteroatoms are not adjacently positioned, and Yl is selected 

from the single bond, 

(0025) 

-CO-, -CHaO-, -<X»- 

O O 
and Al is selected from 
(0026) 
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(0027) 

Wherein, XI, X2 are each independently selected from H, F, CF3, CH3, CN, but XI and 

X2 are not simultaneously H. Wherein when Yl is a single bond, 

(0028) 

-OC-. -OCHa- 
O 

Al may be 
(0029) 

and moreover when Yl is a single bond, Al may be 
(0030) 



(0031) 

Moreover, this invention puts forward a liquid crystal composition containing at least one 
member of said liquid crystalline compounds, a liquid crystal element obtained by 
arranging the said liquid ciystal composition between one pair of electrode base platess 
and a display process and a display apparatus using them. 



(0032) 

Among the compounds represented by general formula (I), structures of preferred 
compounds are nominated as general formulae (la) and (lb). 



(0033) 
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(0034) 

(wherein in the said formula, Rl and R2 are straight chain form or branched chain form 
alkyi groups of carbon number 1-1 S, and 1 or 2 or more methylene groups in said alkyl 
group may be substituted by 
(0035) 

F 

-C-, -is-. -CH = CH", -CsC-, -^H- 
h 

CF» (3^ CHa 

CN 

in the condition that the heteroatoms are not adjacently positioned, and A2 is selected 

from 

(0036) 

-t^. 

(0037) 

R» - CHa-^^-^^Y' - A»- R» (lb) 



(0038) 

(wherein in the said formula, Rl and R2 are straight chain form or branched chain form 
alkyl groups of carbon number 1-lS, and 1 or 2 or more methylene groups in said alkyl 
group may be substituted by 
(0039) 

F 

-0-, -C-, -CH = CH-. -o^c-, -hn- 

CFs CN CHa 

-CH-, -CH-, -i- 

in the condition wherein heteroatoms are not adjacently positioned, and Y2 is selected 
from 
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(0040) 

-CO-. -OC-, -CHaO-. -OCHa- 
O \ 
and A3 is selected from 
(0041) 

-^v. 

^ 

(0042) 

Wherein, XI, X2 are each independently selected from H, F, CF3, CH3, CN, but XI and 

X2 are not simultaneously H. Wherein when Y2 is 

(0043) 

-0C-. -OCH,- 
O 



A3 may be 
(0044) 



(0045) 

More preferably, in the said general formulae (la) and (lb), Rl is selected from the 
following (i)-(iii) and (v), and R2 is selected from (i)-(v). 

(i) -G'-CwH2w+,-n 

(w is an integer of 1 - 1 7), 

(0046) 

Oi) ca 

- CH, 4^ CH - CnH^ . 1 

(m is an integer of 0-7, and n is an integer of 1-9. Moreover, it may be optically active), 
(0047) 

(iii) CHi 

- G^-f CH,4r- CH-4 CHa^r O - CHat* i 

(r is an integer of 0-7, s is 0 or 1, and t is an integer of 1-14. Moreover, it may be 
optically active). 
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(u is an integer of 1-16 and it may be optically active) and 
(0049) 

Cv) CFs 



(p is 1 or 2, and q is an integer of 1-14. Moreover, it may be optically active). 
(0050) 

Wherein, GI denotes a single bond, 

-CO-, -oc- 



These inventors discovered that, by using the aforesaid composition and the liquid crystal 
element using it, various characters such as temperature dependent of response rate or the 
like were improved and excellent display character was obtained. 

(0052) 

Hereinafter, this invention will be described in greater detail. General Synthesis Example 
of compound represented by the aforesaid genera) formula (I) is shown below. 



and G2 is -O- or 




(0051) 



(0053) 



EtONa 



R*-Br CH, (C(XX:<ima 



R> - CH (000C2Ha)a 



Reduction 



^CHaOH 
"^CHaOH 



R'-CH 



<n) 



Grignard reaction 




-h B (OCHa)* 



(n) 



-y^ - A* - R* 
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(0D54) 

Moreover, it is aJso possible to introduce Rl-Al-Yl- by eliminating the protecting group 
after Grignard reaction using raw material having the eliminatable protecting group 
instead of R2-A1-Y1-. 

(0055) 

Examples of embodying structural formulae of liquid crystalline compounds represented 
by the aforesaid general formula (1) are shown below. 
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(0056) 



1-2) 



1-3) 



1-4) 



1 -5) 



F 

CJt -<^-<g>-<^-c.A, 

F 

CH. 

c.H„ -(^-(g>-(;^ 



1 - 6) CJl. -<[T^-^^-V^ 



1-7) CJt 



CJ1.T 



I - 8) C.oHn -<([%-<@>-^^ GJl., 



I - 9) CnH» 
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10) CisH» 



CJi, 



- 13) cji. -o-<s>-on 



- 15) CHi, 



f-N 




- 16) CbH« -^^"^y^ 

- 17) C.H,, -<[^ -<©*-0^ C.H„ 

- 18) ><;^_<@>-^>- Q,H„ 
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(0059) 

(1-28) C.H, 



(1-30) CJl, — C^"*©""^^ 
(1-35) CHx. -(^-(^-Aq^CHC^ 
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(0060) 

( 



I - 37) C„H»-<;[]^-@>-^(^^ CJi„ 
(1-88) CrfI„-<^-^>-^^CJJ, 

(1-39) CH« ~*@>~^S^~^ ^"'^ i"^*"" 

(1-40) CHJI„-<^-@>-^>-fCH.^iHC3I, 
CH, 

(1-41) CHaiHCH, — -<^-<©>- CJ€" 
CHt 

(1-42) CrfW3^C2I,-^^-^^-^^C„H„ 

(1-43) C„H„-(^ -<^-<^- OCHu 
CF. 

(1-44) (iH,iH-(-CH.>y-^[^-<^-<^~ CXJaH., 
(1-45) CtH.. -^^-<^-<Q>- OC&H„ 
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(0061) 

(1-46) CJIu -<([^-<g>-<g>-0-f CHiVOCH, 

(1-47) CJt -<^^-<^-<g>-0-fCH,VCH = CH, 
CH» 

(1-48) crfi,CH(CH«>r^[^— ^^-^>-cai, 

F 

(1-49) CJH,, — (([^-H@>-@>-OCHijCJI. 

CF. 

(1-60) CA — ^^-^^-(^-OCCH^GHu 



( I - 51) cjiin (CH.h-<A-<g>-.^;^i0^' 

(1-52) cAiHCH, ^-.(g^^:igr^" 

CH» 

(■-53) CftoiHCa^^g^-^^^),^ 



d 



©Rising Sun Communications Ltd, 



http://www,risingsun.co,uk 



JP0S^239069 32 Caution : Translation Standard 

Is Post-Edited Machine Translation 

(0062) 

CHa 

(1-55) C^x^ "K^^©^""©^ OCH^C^H* 

*CN 

CN 

(1-56) CHx, -^<C^'"^^^""^^ OCHaCH^HCJl« 

(1-57) C^^^.<g^CC^^>"^-""^ 

0 

(1-58) CbH,, OC — <^H^C:4Je 

o 

(1-59) CiH,, -<C^H§)^ OC -^<^^ OC^* 

O 

( I T 60) CJl,. -^C^ % 

o 

F 

(1-61) CeH^, .H(^-<g>--OC -<^~OCiH« 

() 

F 

(1-62) C^Hn -^^.^<g>- OC -^>- OG^Hu 

O 

(1-63) CipH« -<C^ -<0>- 0^ ^^O" ^« 
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(0063) 

(1-64) Ct,H« --^^^--©>- <3CHa --<^H^ C.H7 
( I - 6S) C«Hi, -^C^ ^"©^ '^©^ 

CF. 

(1-66) CaH, — <^]fe "^©^^""<0>"^ (CHa>7- ^CHs 
(1-67) CiHx* -<C^-<^H OC --(h>- Win 

(1-68) C4H8 — H^h)>- cyiu 

(1-69) Cufti -hJ^ ^ ^ 

C.-Tl) O.H.-<^-<0>-CO-#^>~"'' 

0 



(1-72) 
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(0064) 



''CHi^MCaHB 



CI -73) CiJIa— ^^dW)— ^^CH. 

F 

(1-74) CO!.. -<^-<0H^-<^-^A 

(1-75) cjj. -<;^^<g>-H^5gx.^ 

(1-76) CJIt — 

(1-77) Gft. -([^-^^-^J-S-C,H« 
(1-78) C,H.. -<!^-©>-<0^ 

(1-79) CJIu-(^-<^-<^-0-fCH,^<ai = (ai-C.H, 

CH. 

(1-80) C,,H„^([^-<g>--CO -<^-(XiH„ 

O 

(1-81) cH„ ~<^~^r ^">^ 
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(0065) 

(1-82) C„H«--<(^-(:^)^^>- CJiu 
(1-83) C«i -<C^-©>-^>-C.ji» 
(1-84) C,H«--(^-(g>-|^>-C.^^^ 

(1-85) CHj:HCH,--(]^-<g>-^Q>-C6Hu 
(1-86) CoHx. -(]^-<g>--^>-CHaCHC2^ 

(1-87) C^utM-frCH^h-^^-^"^^- C,H„ 
CN ^ 

(1-88) cji9CHHe-(:H,>r<[^ 

(1-89) CHaO V(^--<@>^<^)^ 
(1-90) C^70C-eCH2>Hj^ -^(@>-^>- QH^, 

o 

F F 

(1-91) CsHn — -<^-gO-<^-()CHiiHCeHia 

(0066) 

Liquid ciystal composition of this invention can be obtained by nuxing at least one 
member of liquid crystalline compounds represented by the aforesaid general formula (I) 
and one or more member of other liquid crystalline compounds with suitable proportion. 
Moreover, the liquid crystal composition of this invention is preferably liquid crystal 
composition showing chiral smectic phase. 
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(0067) 

The other liquid crystalline compounds used in this invention are shown below with 
general formulae (m)-(XIV). 



(0068) 




e: 0 or 1 , f: 0 or 1, wherein e + f = 0 or 1 . 

Y*: H, halogen, CHS, CF3 

Xr. XT: single bond, 

~0C-, ,-0- -OCO- 
II II 

o o 



T 

T--T- 



X3',X4': single bond, 
-OC-, -OCHa-. -CHaO- 



(m) 



(0069) 

(ina)-(ind) are nominated as preferred compounds of formula (111). 
(0070) 

R/ - Xi'-<g>-<g>- Xa' - Ra' (H a) 

Ri' - X/^-<^>-<@Hg>- X.* - R.- (Iff b) 

Ri' - ^*'"''^^^|""<©^ x.'-<^>- Xa- - R.' (m c) 

Ri - Xx''-<^h;^— x.'-h(h^ Xi' - R*' (m d) 
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(0071) 



(IV) 

g, h: 0 or U wherein g + h = 1 . i: 0 or 1 
Xr,XZ: single bond, 

X3',X4', X5*: single bond, 
-CO". -0C-. -CHiO-, --OCH*- 



(0072) 

(IVa)-OVc) are nominated as preferred compounds of formula (TV). 
(0073) 

R; - X^'-<0>^-^^>--®- Xa' - R,' (IV a) 

Ri' -X;-<H)--<g|>-<g>-X8* -R,' (IVb) 

r; - Xi'-H@H^^-<§>- ^'-^©^ ^' - R»' <IV c) 



(0074) 



yr Ya' Y3' 



R,' -x;-^-x.'-<^>-x.'-^^^^Xa' -R.' (V) 

J: 0 or 1 

Yr. Y2\ yy: H, halogen, CH3, CF3 
Xr, X2': single bond, 

-f--T'°-'T 

X3', XT: single bond. 
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-CO-, -0C-, -CHaO-. -cx:h,-, 

4-CH8-)i-C0-. -CH = CH-CO-, -0- 

^ o 

(0075) 

(Va) and (Vb) are nominated as preferred compounds of formula (V). 



(0076) 



y; y.' y; 



(0077) 



R/-x/-(^>jHg>^^ 

k, I, m: 0 or I, wherein k + 1 + m = 0, 1,2. 
Xr, X2': single bond, 

X3\ X4': single bond, 
-CO-, -OC-. -CH*0-, -OCHz- 
O (J- 



(0078) 

(VIa)-(Vlf) are nominated as preferred compounds of formula (VT). 
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(0079) 



Ri' - x»'-<[h)-h(2>-X3'-^ X,' - Ra- on b) 

R,' - X;-<H)^.<5)-X.'--<g>H;g>^ Xa- - Ra* (Vic) 

R,' - x/-<g>^<g>^x;--<g>^ X,' - R«' (VI d) 

R/ - X/'H(g>^-<H)^Xa'-<g>- X.' - R.' (VI e) 

R.' - X,'-i(H)- X.'^<g)- Xa' - Ra' (VI f) 

(0080) 

Wherein, Rl\ R2' are straight chain form or branched chain form alkyl group of carbon 
number 1-18, and one or two or more -CH2- groups in the said alkyl group which are not 
adjacently positioned may be substituted by -CH halogen-* Moreover, one or two or more 
-CH2- groups except -CH2- group which is directly bonded with XI, X2 may be 
substituted by 
(0081) (0082) 

'CF, CIST CN 

-C-. -CH-. -^lU- 

Q 00 



(0083) 

Wherein when Rl ' or R2' is alkyl halide wherein one CH2 group is substituted by 
(0084) 

CF» 
-CH- 

(0085) 

or -CH halogen-, Rl' or R2' is not bonded with single bond with respect to ring. 
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(0086) 

Preferably RV, R2' are following i)-ix). 

i) straight chain alkyi group of carbon number ] -1 5, 

(0087) 

CH, 

C H 2 CH — CqHia^-i 
p: integer of 0-5, q: integer of 2-1 1 , it may be optical active. 



(0088) 



^0 CH, 



•f CJia-^ CH-f CIJ,4--Oi; Hat., 
r: integer of 0-6, s: integer of 0, 1 , t: integer of 1-14, it may be optical active. 



(0089) 

iv) p 

"4" C H a u CH — CvHi**! 

u: integer of 0, 1, v: integer of 1 -16. 

(0090) 

CH. 

-CHCOCwH,w.i 



w: integer of 1-15, it may be optical active. 



(0091) 

CFa 

CH2-)-.CH-C,Hj„.» 
x: integer of 0-2, y: integer of l-1 5. 



(0092) 

CPs 



— CHCHj COCsHssi-i 
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z: integer of 1-15. 

(0093) 
vni) 

A: integer of 0-2, B: integer of 1-15, it may be optical active. 
(0094) 

«> CN 

CHa-)-"cC ~ CoHao^i 

C: integer of 0-2, D: integer of 1- 1 5, it may be optical active. 
(0095) 

(niaa)-(indc) are nominated as more preferred compounds of (ina)-(ind). 
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(0096) 





(Slaa) 


o 


(Kab) 


o 


(mac) 




(mad) 




(mba) 




(mbb) 


0 


(mbc) 




(mbd) 




(mca) 


Y 


(mcb) 
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(0097) 

Y' 

r 

o 

R,--<^J-<@>- OCH, -(^)- R»* (m db) 



R.'0-<^>-<^-OC-<g>-R,' (lldc) 

(0098) 

(IVaaXIVcb) are nominated as more piefeired compounds of (IVaXIVc). 



(0099) 



^''^0>'^<d^^©- ^' ^^^^ 
R.'-@>-<^-<g>-0 -R.* (Wab) 
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(0100) 

(Vaa)-(VdO are nominated as more preferred compounds of (Va)-(Vd). 



(0101) 



(Vaa) 



(Vab) 



(Vac) 



(Vad) 



O 

R> -"^^ CH = CHC O--^^ R,- 



(Vae) 



(Vaf) 



RiM^- CFU> -<@>- R.' 

R/ "^^^ CH^a C S -^H- Rs' 

6 

Y.' Y,' 

o 



(Vag) 



(Vah) 



(Vba) 



(Vbb) 
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(0102) 



Ys' 

R«'^©-"<§>- 9 s "<^>^ R«' cv be) 

o 



-©H0>^SC^:^R,' (Vbd) 

o 

Y; Ya' 



y; 



(Vbe) 



Ri'-^©>-@^ oca -<^>- R.' cv bf) 



(0103) 

(VIaa)-(Vlfa) are nominated as niore preferred compounds of (Vla)-(VIf). 
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(0104) 



O 



(Ylaa) 



(VI ab) 



(VI ba) 



(VI bb) 



(VI da) 



(VI ea) 



R/-^^H>- C O .-(^^ R.' 
O 



(VI fa) 



(0105) 



E: 0 or 1 
XJ',xr: single bond. 



r- -T 



~. .-0-, -oco- 

II 
o 



0© 



X3*: single bond, 
O O 
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(0106) 



F, G: 0 or I 
Xr, X2': single bond, 
-CO-, -o- 

8 1! 

X3*, X4': single bond, 

h a 



(0107) 

(Vila), (Vllb) are nominated as more preferred compound of (VII). 
(0108) 

^ "^^@>-OC-^<g>-R.' (Wb) 
(0109) 

(VIIIa)» (VlUb) are nominated as preferred compound of formula (VITI). 
(0110) 

R.'-<g>-<^^R4' (Ma) 

(0111) 

(VlUba), (Vnibb) are nominated as more preferred compound of (VlUb). 
(0112) 
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(Vlba) 



(0113) 



Wherein, R3*, R4* are straight chain form or branched chain form alkyl group of carbon 
number 1-18, and one or two or more -CH2- groups in the said alkyl group which are not 
adjacently positioned may be substituted by -CH halogen-. Moreover, one or two or more 
-CH2- groups except -CH2- group which is directly bonded with XI, X2 may be 
substituted by 



(0116) 

Wherein when R3' or R4' is alkyl halide wherein one CH2 group is substituted by -CH 
halogen-, R3' or R4' is not bonded with single bond with respect to ring. 

(0117) 

Preferably R3', R4' are the foUo wings. 

i) straight chain alkyl group of carbon number 1-15. 

(0118) 

'^^ CHa 

C H 2 CH-"CqH»a*t 
p: integer of 0-5, q: integer of 2-11 , it may be optical active. 



(0114) (0115) 




(0119) 

Lii) 



CH, 



r: integer of 0-6, s: integer of 0, 1, t: integer of 1-14, it may be optical active. 
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(0120) 

iv) p 

— ^ C H n (^H""CvH»if-n 
u: integer of 0, 1, v: integer of 1-16. 



(0121) 

(j:H. 

-CHCOCwH*..! 

w: integer of 1-15, it may be optical active. 



(0122) 

vi) CN 

A: integer of 0-2, B: integer of 1-15, it may be optical active. 

(0123) 
♦ \ 

vii) ^ ^ 
CHs 

C: integer of 0-2, D: integer of 1-15, it may be optical active. 
(0124) 



R.'-x;-^:g>--Xs'^A»'-x«*--^<g)^x** (K) 

H, J: 0 or 1, wherein H + J = 0 or 1 
Xr, X2': single bond, 
-CO-, -OC-, -o- 

s & 

AV: 

X3\ X4': single bond, 
O Q- 
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(0125) 

Xr, Xr: single bond, 
A2': 

X3', X4': single bond, 
-CO-. -CHaO-, -OCH- 



(0126) 



R,' -X/ -Aa' -X.'--@-^)-X,' -R.' 



Xr, X2': single bond, 

-CO-, ^oc-, ^o- 

S li 

A3': 

X3': single bond, 
-CO-. -0C-. -CHiO-. -OClt- 
O Q- 



(0127) 



<X) 



Y.' Y,' Y.' 

^-(^)^^-^^-(^)^^^^^' - R.' «» 

K, L, M: 0 or 1, wherein K + L + M = Oorl 
Y4',Y5', Y6':HorF 
Xl': single bond, 
-CO-. -o- 

U li 
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X3': single bond, 
-CO-, -OC^. -CHiO-, -OCHa- 

I I. 

(0128) 

(IXa)-(IXc) are nominated as preferred compounds of formula (IX). 
(0129) 

R*' ^ x; - a;-(^- XB--<g>- X.' - r.' (kw 

(0130) 

(Xa), (Xb) are nominated as preferred compounds of formula (X). 
(0131) 

R.' -Xi' - A,'-<g>- x;-<h)- X.' -R«* (Xa) 
R.- -X/ -Aa' -X**-@H(h)-X,' -Re' (Xb) 

(0132) 

(XIla)-(XQd) are nominated as preferred compounds of formula (Xil). 
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(0133) 

Y5 

Yb' Ye' 
Y.' 

(0134) 

(IXaa)'(LXcc) are nominated as more preferred compounds of (IXa)-(IXc). 



^Rising Sun Communications Ltd 



ht^://www*risingsun.co*uk 



JPOS-239069 



SS Caution : Translation Standard 

Js Post-Edited Machine Transiation 



(0135) 



o 

R*' -o-A;H§>-<§)^Re" 

o 

o 

R»'-<0>- A»'-<g>- OCR.' 



(Kaa) 
(Kab) 
(Kac) 

(Kad) 

(Kba) 

(Kbb) 

(Kbc) 

(DCbd) 

(Kbe) 

(Kca) 

(JKcb) 

OXcc) 



(0136) 

(Xaa)-(Xbb) are nominated as more preferred compounds of (Xa), (Xb). 
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(0137) 



R." 




(Xaa) 


R»" 


- 0 - Aa -^- O C -^)- R.* 

o 


(Xab) 


R.' 


- Aa'-^- OCH, -<^>- R.' 


(XacO 


R.' 


-A,'-^-^)-R.' 


<Xba) 


R.' 




(Xbb) 



(0138) 

(XIa)'(X]g) are nominated as more preferred compounds of (XI). 
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(0139) 

O 

O 

R.' -Aa' -CHaO Re* Ode) 



O 



(He) 



(0140) 

(XlJaa)-(XJIdb) are nominated as more preferred compounds of (XIIa>(XIld). 
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(0141) 



R»'-<@>-V-©>- 0 - R.- 



(Xnab) 
(XDac) 

(XDba) 

(XHbb) 

(HI be) 

(HIca) 
(Xllcb) 
(XDda) 



(0142) 

Wherein, R5*, R6' are straight chain form or branched chain fonn alkyl group of carbon 
number 1 -18, and one or two or more -CH2- groups in the said alkyl group which are not 
adjacently positioned except -CH2- group which is directly bonded with XI, X2 may be 
substituted by 
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(0143) 



CN 



CN 



~C-. - 



OC-. -co-. -CH-. -CCHa- 



(0144) 

Preferably R5', R6* are the followings. 



i) straight chain alkyl group of carbon number 1-15. 



(0145) 

ii) 



CH, 




H-C^H 



p: integer of 0-5, q: integer of 2-1 i , it may be optical active. 
(0146) 

"0 CH, 

r: integer of 0-6, s: integer of 0, 1, t: integer of 1-14, it may be optical active. 

(0147) 

iv> C H a 

-CHCOCH.w.! 

w: integer of 1 -1 5, it may be optical active. 



(0148) 

V) 



CN 



A: integer of 0-2, B; integer of ] - IS, it may be optical active. 



(0149) 

vi> 



-fCH 
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C: integer of 0-2, D: integer of 1-lS, it mty be optical active. 
(0150) 

Ri* - X.'— X.* - A,' - X," - R,' m 
A.' : - A,' - . - A*' - A.* - 

A.' . A.' : . . 

Y,- : H . F 

X.' . X.' : Single _co-, -OC-. -0-. -C- 
bond. ^ I IJ 

: -CO-, -CHiO- 

h 

(Xina>(Xinc) are nominated as preferred compounds of formula (XUT). 

0011 a) 

Re' (XBc) 

(XniaaHXIUch) are nominated as more preferred compounds of (Xllla)-(XllIc). 



(0151) 



-x;— ([pi— x.' --<^)--^>-" X,' - 
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(01S2) 



(0153) 



R/ — '[JI— X.' -<g)- R«' OBa) 
Rt'— X,' Re' (Bibb) 



R»' -X, 



Y8'; H, F 
Xr, X2': single bond, 
-CO- -0C-. -0-. -C- 



-CO-, -0C-, -0-. -c- 
(XlVa)-(XIVb) are nominated as preferred compounds of (XIV). 
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(0154) 



(JIVa) 



OOTb) 



(0155) 



Wherein, R7', R8* are straight chain form or branched chain form alkyl group of carbon 
number 1-18, and one or two or more -CH2- groups in the said alkyl group which are not 
adjacently positioned may be substituted by -CH halogen-. Moreover, one or two or more 
-CH2- groups except -CH2- group which is directly bonded with XI, X2 may be 
substituted by 



Wherein when R7' or R8' is alkyl halide wherein one CH2 group is substituted by -CH 
halogen-, R7' or R8' is not bonded with single bond with respect to ring. 

(0158) 

Preferably R7', R8' are following i)-v). 

i) straight chain alkyl group of carbon number 1-15. 



(0156) 



-0-, -C-. - 

8 




(0157) 



(0159) 
ii) 



-4" CH a'^pC H — CqH»n + i 
p: integer of 0-5, q: integer of 2-1 1, it may be optical active. 
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(0161) 

iv) p 
* 

u: integer of 0, 1, v: integer of 1-16. 



(0162) 

^5 <j:H. 

~* C P{ C O CvH^w^r ] 



w: integer of I -15, it may be optical active. 
(0163) 

In accordance with this invention, it is desirable to make the proportion of liquid 
crystalline compound of this invention occupied in liquid crystal composition 1 \vt,%-80 
wt%, preferably 1 wt.%-60 wt.%, and more preferably 1 wt%-40 wt.%. 



(0164) 

Moreover, when two or more kinds of liquid crystalline compounds of this invention are 
used, it is desirable to make the proportion of the mixture of two or more kinds of liquid 
ciystalHne compounds of this invention occupied in the liquid crystal composition 
obtained by mixing 1 wt%-80 wt.%, preferably 1 wt.%-60 wt.%, and more preferably 1 
wt%-40 wt%. 



(0165) 

Next, the liquid crystal element of this invention is obtained by arranging the aforesaid 
liquid crystal composition between one pair of electrode base platess, and in particular, as 
for the liquid crystal layer which shows ferroelectricity in the ferroelectric liquid crystal 
element, it is preferable that the liquid crystal composition showing chiral smectic phase 
produced in aforesaid way is heated in vacuum to isotropic liquid temperature, this is 
encapsulated in element cell, and liquid crystal layer is formed by gradually cooling, and 
then it is returned to normal pressure. 



(0166) 
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Figure 1 is a cross-sectional schematic diagram showing an example of liquid crystal 
element containing chiral smectic liquid crystal layer for explaining construction of the 
liquid ciystal element using the ferroelectricity. 

(0167) 

In reference to Figure 1, the liquid crystal element is formed by arranging liquid crystal 
layer 1 showing chiral smectic phase between one pair of glass base plates 2 which have 
respectively been provided with transparent electrode 1 and insulating orientation 
controlling layer 4, and also by establishing the layer thickness thereof with spacer 2, and 
connection is made from the power supply 7 via lead wire 6 so that the voltage can be 
applied between one pair of transparent electrodes 3, Moreover, one pair of base plates 2 
are sandwiched by one pair of cross-nicol polarizing plates 8, and light source 9 is 
arranged in outside of the one side thereof 

(0168) 

In other words, the transparent electrode 1 made of thin film such as In203, Sn02 or ITO 
(Indium Tin Oxide) or tiie like is coated respectively on two sheets of glass base plates 2* 
Thin film of polymer such as polyimide is nibbed with gauze, acetate filled cloth or the 
like, and insulating orientation controlling layer 4 for arranging liquid crystal in the 
rubbing direction is formed thereon. 

(0169) 

Moreover, insulating orientation controlling layer 4 may be of two-layer structure 
wherein for example insulating layer of inorganic material such as silicon nitride, silicon 
nitride containing hydrogen, silicon carbide, silicon carbide containing hydrogen, silicon 
oxide, boron nitride, boron nitride containing hydrogen, cerium oxide, aluminum oxide, 
zirconium oxide, titanium oxide, magnesium fluoride or the like is formed, and thereon, 
layer of organic insulating material such as polyvinyl alcohol, polyimide, poly amide 
imide, polyesterimide, poly p-xylene, polyester, polycarbonate, polyvinylacetal, 
polyvinyl chloride, poljrvinyl acetate, poly amide, polystyrene, cellulose resin, melamine 
resin, urea resin, acrylic resin, photoresist resin or the like is formed, and moreover it 
may be of a monolayer of inorganic substance insulating orientation controlling layer or 
organic substance insulating orientation controlling layer. 

(0170) 

If this insulating orientation controlling layer is of inorganic system, it can be formed by 
vapour deposition method or the like, and if it is of organic system, it can be formed by 
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hardening under prescribed hardening condition (for example with heating) the layer 
which is coated by spin coating method, dip coating method, screen printing, spray 
coating method, roll coating method and the like using solution dissolved organic 
insulating material or precursor solution thereof (in solution, 0.1-20 wt.%, preferably 0.2- 
lOwt.%). 

(0171) 

The layer thickness of insulating orientation controlling layer 4 is suitable usually lOA-1 
M,m, preferably 10A-3000A, more preferably lOA-lOOOA. 

(0172) 

These two glass base plates 2 are held with an arbitrary interval by spacer 5. For example, 
there is a process that alumina beads, silica beads having Hxed diameter, as spacer are 
sandwiched with two glass base plates, and the surrounding is sealed up using seal 
materials, for example epoxy system adhesion material. In addition, polymeric film and 
glass fibre may be used as spacer. Liquid crystal showing chiral smectic phase is 
enclosed between these two pieces of glass base plates. Liquid crystal layer i is generally 
set with the thickness of 0.5-20 ^m, preferably 1-S 

(0173) 

The external power supply 7 is connected by lead wire to the transparent electrode 3. 
Moreover, one pair of polarizing plates S wherein the respective polarization axes are 
arranged for example in crossed-nicol state are attached on the external side of glass base 
plates 2. Example of Figure 1 is transmission type, and is provided with light source 9. 

(0174) 

Figure 2 is a diagram schematically drawing an example of cell in order to explain the 
driving of liquid crystal element using ferroelectricity. 2la and 21b are base plates (glass 
plates) coated with the transparent electrode respectively formed from the thin film such 
as In203, Sn02 or ITO (Indium Tin Oxide) or the like, and liquid crystal of SmC* phase 
or SmH* phase are enclosed between the base plates so that the liquid crystal molecules 
layer 22 is oriented perpendicular to the glass surface. The bold lines 23 denote the liquid 
crystal molecules, and this liquid crystal molecules 21 1^ dipolar moment (P | J 24 to 
the orthogonal-direction to the molecule hereof. When a voltage above the certain 
threshold value is applied between electrodes on the base plates 21a and 2_lb, spiral 
structure of liquid crystal molecules 21 is loosen, and thereby the liquid crystal molecules 
23 can change the orientation direction so that the dipolar moment (P |J 24 is all facing 
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the electric field direction. The shape of liquid crystal molecules 23 is long and narrow, 
and refractive index anisotropy is shown with longitudinal and short axis direction 
thereof, and accordingly, it is readily understandable that for example if crossed-nicol 
polarizers are put on top and under the glass surfaces, the liquid crystal optics modulation 
element whose optical characteristics are changed by electric potential polarity is formed. 

(0175) 

The liquid crystal cell preferably used for the optics modulation element in this invention 
can make the thickness thereof sufficiently thin (for example 10 |x or less). In this way, as 
the liquid crystal layer becomes thinner, the spiral structure of liquid crystal molecules is 
loosen even in a state not applying the electric field as shown in Figure 3, and the dipolar 
moment Pa or Pb faces either of upward (34a) or downward (34b) state. When a voltage 
above the certain threshold value having different polarity Ea or Eb is imparted to such 
cell by electric potential means 31a and 31b as shown in Figure 3, dipolar moment 
change the direction to upward 34a or downward 34b corresponding to the electric field 
vector of electric field Ea or Eb, and corresponding to this, the liquid crystal molecules 
are orientated to either one of the first stable state 22^ or Ihe second stable state 33b . 

(0176) 

There are two merits of using such ferroelectric liquid crystal molecule as optics 
modulation element, as described earlier. Firstly, the response rate thereof is extremely 
fast, and secondly, the orientation of liquid crystal molecules has bistability. As this 
second point is described by for example Figure 3, the liquid crystal molecules is 
orientated to the first stable state 33a, when electric field Ea is applied, however, this 
state is stable even the electric field is cut off. Moreover, if the oppositely directed 
electric field Eb is applied, the liquid crystal molecules is orientated to the second stable 
state 33b and the direction of molecule thereof is changed, but also this state is stable 
even the electric field is cut off. Moreover, unless the electric field Ea or Eb to be 
imparted exceeds a certain threshold value, the molecules are still maintained in each 
previous oriented state. 

(0177) 

The liquid crystal display apparatus is realized by using the liquid crystal element of this 
invention in display panel parts and by adopting communication synchronization means 
by SYNC signal and the data format comprising image information having scanning line 
address information as shown in Figure 4 and Figure 5. 
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(0178) 

In Figures, symbols are respectively as follows. 



101 


Ferroelectric liquid crystal display apparatus 


102 


Graphics controller 


103 


Display panel 


104 


Scanning line drive circuit 


105 


Information line drive circuit 


106 


Decoder 


107 


Scanning signal development circuit 


108 


Shift register 


109 


Line memoiy 


110 


Information signal development circuit 


in 


Drive regulation circuit 


112 


GCPU 


U3 


Host CPU 


114 


VRAM 



(0179) 

By using the liquid crystal element of this invention in display panel parts and by 
adopting communication synchronization means by SYNC signal and data format 
comprising image information having scanning line address information as shown in 
Figure 4 and Figure 5, the liquid crystal display apparatus is realized. 

(0180) 

The generation of image information is carried out at graphics controller 102 of main 
body apparatus side, and is transmitted to display panel 103 according to the signal 
transfer means shown in Figure 4 and Figure 5. Graphics controller 102 manages control 
and communication of image information between the host CPU 113 and liquid crystal 
display ^paratus 101 using CPU (Central Processing Unit, hereinafter abbreviated to 
GCPU 11 2) and VRAM (Video Random Access Memory) 114 as central parts, and the 
control process of this invention is mainly realized on this graphics controller 102 . 
Moreover, ihe light source is arranged on ^e back of the said display panel. 
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(0181) I 
Examples 

Hereinafter, this invention will be described further in | greater detail on the basis of 
Examples, however, this invention is not limited to these Examples. 

(0182) 
£xample 1 

Production of 2-(4>f2-(5-hexvl-1.3.2>dioxaborinvm phepvU-6-hcxvl benzothiazole 

m 

(0183) i 

i 

(0184) I 
Stepl 

Production of 2-hexvl-1 .3 -propanediol 

Metallic sodium 11. 5 g was dissolved in anhydrous ethanjDl 250 ml, and warmed to 50°C, 
and thereafter diethyl malonate ester S2.5 g (0.S2 mol) added dropwise. Thereafter it 
was added dropwise to hexyl bromide 82.5 g (0.5 mol); and heated under reflux for 6 
hours. After completion of the reaction, the solvent was eliminated by distillation, and 
water was added, and extraction was carried out with diethyl ether. The obtained ether 
solution was dried with anhydrous magnesium sulphate, and next distillation was carried 
out, and 2-hexyl diethyl malonate ester 1 00 g was obtaindd. Among these, 2-hexy I diethyl 
malonate 95 g (0.4 mol) was dissolved in dried diethyl! ether 40 ml, and it was added 
dropwise at S^^C to dried diethyl ether solution suspended! lithium aluminium hydride 29 g 
(0.77 mol). Thereafter heating under reflux was carried oiut for five hours, and thereafter, 
it was cooled with ice, and water was added, and extraction was carried out with ethyl 
acetate. The obtained organic layer was dried using magnesium sulfate, and thereafter, it 
was purified by distillation, and the target substance of 52 g was obtained. b.p.l25**C/3 
mm Hg. Yield 68%. 
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(0185) 
Step 2 

Production of 4-carboxv phenvlboronic acid (f2]> 

134g of p-bromotoluene dissolved in dry tetrahydrofiiran 300 ml was added dropwise to 
magnesium 20.5 g (0.79 mole) at room temperature, it was wanned to 60°C and stirred 
for two hours, and it was reacted, and Grignard Reagent was prepared. Separately, a 
solution dissolved trimethoxy borane 122 g (1.2 mole) in dry tetrahydrofuran 600 ml was 
prepared, and was cooled to -lO^C, the Grignard Reagent obtained previously was added 
dropwise. It was kept at -70**C and was stirred for one hour, and thereafter, 420 ml of 10 
% sulfuric acid was added, and hydrolysis was carried out. The insolubles were 
eliminated by filtration, and remaining solution was extracted with diethyl ether. The 
obtained organic layer was dried with anhydrous sodium sulphate, the solvent was 
eliminated by distillation, and p-tolyl boron acid of 79 g was obtained. 

(0186) 

From this, 68 g (0.5 mole) was dissolved in 10 % sodium hydroxide aqueous solution 400 
ml, and water 2.9 1 were added next. Potassium permanganate 166 g (1 mole) dissolved in 
water 5 I was gradually added to this solution, and the mixture was stirred at room 
temperature for 20 hours. Thereafter ethanol 200 ml was added, and it was warmed to 
SO^'C and was stirred furthermore for one hour. On completion of the reaction, the formed 
manganese dioxide was removed by filtration, and tiie solvent was eliminated by 
distillation. Concentrated hydrochloric acid was added to this and was made acidic, the 
precipitated crystals were recovered by filtration, washed with water, thereafter, 
reciystallisation was carried out with water, and the target substance of 41 g was 
obtained. Yield 37 %. 

(0187) 
Step 3 

Production of 4-^2»(S-hexvl-1.3.2>dioxaborinvin benzoic acid (\3Vi 
2-hexyl-l,3-propanediol ([!]) 9,7 g (60 mmol) obtained in production Step 1 and 4- 
carboxy phenylboronic acid 10 g (60 mmol) obtained in Step 2 were heated under reflux 
in a reaction container fitted with azeotropic dewatering device for seven hours. On 
completion of the reaction, it was allowed to cool, the precipitated crystals were 
recovered by filtration, recrystallization was carried out from toluene, and it was purified. 
Yield 85 %. 

(0188) 
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Step 4 

Production of 2>M-r2-(5-hexvl-1.3>2-dioxaborinvn^ phenyl >-6 -hexvl benzothiazole (\- 

m 

4-{2-(5-hexyl-l, 3,2-dioxaborinyl)} benzoic acid ([3]) 1.2 g (4 mmol) obtained in 
production Step 3 was dissolved in thionyl chloride 2.5 ml, and one drop of 
dimethylformamide was added to this, and heating under reflux was carried out for four 
hours. After completion of the reaction, excess thionyl chloride was eliminated by 
distillation, and acid chloride was obtained. 5-hexyl-2-amino^iol hydrochloride 0.96 g 
(2.0 mmol) was added to this acid chloride and was stirred at 200^C for 30 minutes. On 
completion of the reaction, it was allowed to cool, water was added, and extraction with 
toluene was carried out. The obtained organic layer was dried with anhydrous sodium 
sulphate, and next ^e solvent was eliminated by distillation, and it was purified by silica 
gel column chromatography (mobile phase = toluene). Furthermore, reciystallization was 
further carried out with ethyl acetate, and the target substance of 0.5 g was obtained. 
Yield 28 %. 

Phase transition temperature C=*C). 

(01S9) 
(equation 2). 

109 137 170 

CrysL » SA. ^ N ■ Iso 

75 76 169 

(0190) 
Example 2 

Production of 5-hexvl-2-f4-f5-hexvl-1.3.2«dioxaborinvl) ohenvU benzo oxaj^nle (I-l W 
(0191) 



<3> 



O 




©Rising Sun Communicaiions Ltd 



ht^://www.risingsuiuco,uk 



JPOS'239069 



69 Caution : Translation Standard 

Is Post-Edited Machine Translation 



(0192) 
Step 1 

Production of N'r2-hvdroxv-5-hexvl phenvlV4'-f5-hexvl-K3.2>dioxabormvn benzamide 

im 

4-(5-hexyl-l,3,2-dioxaborinyl) benzoic acid ([3]) 1 g (3.5 mmol) obtained in Production 
Example 1 Step 3 was dissolved in thionyl chloride 2 ml, and one drop of 
dimethylformamide was added, and heating under reflux was carried out for four hours. 
After completion of the reaction, excess thionyl chloride was eliminated by distillation, 
and acid chloride was obtained. This acid chloride and 5-hexyl-2-hydroxyani1ine 0.67 g 
(3.5 mmol) were dissolved in dioxane 20 ml, and thereafter pyridine 1.2 ml (15 nmiol) 
was added, and it was wanned to 80-90°C, and it was stirred for 20 minutes. On 
completion of the reaction, product was injected into water, thereby precipitated crystals 
were recovered by filtration, and purification was performed by recrystallization with 
methanol. The target substance was obtained in yielded quantity of 1.2 g, yield 73 %. 

(0193) 
Step 2 

Production of 5-hexvl-2-j4-(5-hexvl-1.3.2-dioxaborinvn phenylbenzoxazole (I-l D 
N-(2-hydroxy-5-hexyl phenyl)-4'-(5-hexyl-l,3,2-dioxaborinyl) benzamide ([4]) 1.1 g 
obtained in production Step 1 and p-toluenesulfonic acid 0.12 g were dissolved in 1,2- 
dichlorobenzene 20 ml, and it was warmed to 190-202*'C, and it was stirred for 50 
minutes. On completion of the reaction, the solvent was eliminated by distillation, and it 
was purified by silica gel column chromatography (mobile phase = toluene / ethyl acetate 
= 100/1) and also it was reciystallised from toluene / methanol mixture medium, and the 
target substance 0.93 g was obtained. Yield 88 %. 
Phase transition temperature (**€). 



(0194) 

(equation 3). 



83 90 140 
Cryst * » S3 ^ SA ^ Iso 

55 89 

139 N 141 



(0195) 
Example 3 

Production of 5-hexvl-2-l4-(5-octvl-2-pvrimidvn phenvn-1.3>2-dioxaborinane (T-SIV 
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(0196) 




XI-Bl) 

(0197) 
Stepl 

Production of 2-(4-carbamov1 phenvlV5-hexvl>U3,2-dioxaborinane ([5]*^ 
4-(5-hexyl-l,3,2-dioxaborinyl) benzoic acid ([3]) 5 g (17 mmol) obtained in Step 3 of 
Production Example 1 was dissolved in thionyl chloride 10 ml, and one drop of 
dimethylformamide was added, and heating under reflux was carried out for four hours. 
On completion of the reaction, excess thionyl chloride was eliminated by distillation, and 
acid chloride was obtained. 28 % ammonia water 45 ml were cooled to around O^C with 
ice-sodium chloride bath, the aforesiad acid chloride was dissolved with stirring in 
tetrahydroftiran 90 ml, and it were added dropwise a h'ttle at a time. On completion of the 
dropwise addition, the mixture was stirred at room temperature for four hours 30 minutes. 
Thereafter, the reactant was discharged into water 200 ml, the precipitated crystals were 
recovered by filtration, it was washed with water, thereafter, reciystallisation was carried 
out with acetone, and the target substance of 2.7 g was obtained. Yield 54 %. 

(0198) 
Step 2 

Production of 2-(4-cvanQphenv])-5-hexvi-l .3,2-dioxaborinane ([6]) . 
Triphenylphosphine 4.8 g (18 mmol) was dissolved in carbon tetrachloride 14 ml, and it 
were added under state suspended 2-(4-carbamoyl phenyl)-5-hexyl-l, 3,2-dioxaborinane 
(black solid square) 2.7 g obtained in Step 1 to a place stirred at room temperature in 
tetrahydrofuran 10 ml, and it was warmed to 50-52''C, and it was stirred for three hours. 
On completion of the reaction, the reactant was cooled with iced water, the insolubles 
were removed by filtration, the solvent was eliminated by distillation, and it was purified 
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by silica gel column chromatography (mobile phase = toluene / ethyl acetate = 100/1) and 
2.1 g target substance was obtained. Yield 84 % 

(0199) 
Step 3 

Production of 4-l2-(5-hexvl-K3.2~dioxaborinvn} benzamidine hydrochloride ([71^ 
2-(4-cyanophenyl)-5-hexyl-l,3,2-dioxaborinane ([6]) 2 g obtained in production Step 2 
and ethanol 0.4 g were dissolved in 20ml of chloroform, and it was stirred for ten minutes 
while blowing hydrochloric acid gas under cooling with ice-sodium chloride bath. On 
completion of the reaction, 5M sodium hydroxide aqueous solution 100 ml wsa added, 
the precipitated crystals were recovered by filtration, and ammonium chloride 0.4 g (7.7 
mmol), ethanol 6 ml and water 6 ml were added, and the mixture was heated to 80*C and 
stirred for 30 minutes, it was allowed to cool, and the precipitated crystals were 
reciystallised irom acetone, and it was purified. The target substance was obtained in 
yield quantity of 0.73 g, yield 31 %. 

(0200) 
Step 4 

Production of 5-hexvl-2-(4-(5-octvl-2-pvrimidvn DhenvlV1.3.2-dioxaborinane (1-8 O 
4-(2-(5-hexyl-l,3,2-dioxaborinyl)) benzamidine hydrochloride ([7]) 0.35 g (1-1 mmol) 
obtained in production Step 3 and beta-dimethylamino-alpha-octyl acrolein 0.23 g (1.1 
mmol) were dissolved in methanol 5 ml, and it was stirred for nine hours, thereafter, the 
reactant was discharged into iced water 60 ml and extraction was carried out with toluene 
and ethyl acetate. The obtained organic layer was dried with anhydrous magnesium 
sulphate, thereafter the solvent was eliminated by distillation, it was purified by silica gel 
column chromatography (mobile phase = toluene / ethyl acetate = 100/1), 
reciystallisation was carried out with toluene / methanol mixture medium, and the target 
substance of 0.22 g was obtained. Yield 47 % 
phase transition temperature (°C). 

(0201) 
(equation 4). 

14 137 

Cryst ^ ^ S3 - " - Iso 

12 1S4 

(0202) 
Example 4. 

Following compounds including the representative compound (1-13) produced in 
Example 1 were mixed by following pts.wt, and liquid ciystal composition A was made. 
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(0203) 

Structural formula pts.wt 

CJIu --d|'-<0>- OC«H„ 4X) 

CJI„ -<^>-@>-OC^.. 8-0 

C^, -^|-©-OC««a 8.0 

C.H.. -<^|-<§>-OC.H„ 4.0 

CmHiO-^- c o-^^-och, chcjj, ^^'^ 

C»H»-<^|-<g>-0C-II5l-CJI, 6.7 
O 

F 

Ci.Hi.-<^>-<^- OC CJI. 3.3 
O 

F 

C«H«-<^^-<^>— OCHiCHCJJu 10.0 

''•^-.70-:^0>;:^3^c*, . 10.0 

(0204) 

This liquid crystal composition A denotes the following phase transition temperature. 
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(0209 

(equation S). 

Cry ► Sc* > Sa > Ch > Iso 

(0206) 
Example 5. 

Following compounds were mixed by the following pts.wt, and liquid crystal 
composition B was made. 



©Rising Sun Communications Ltd, 



ht^://www, risingsttn^co, uk 



JP05'2S9069 74 Caution : Translation Standard 

Is Post-EdUed Machine Translation 

(0207) 

Structural formula pts.wt. 

CaH„-<^-<g^ OMt« 5 

CioH*x-<^^hQ>- OC CaH,, 7 
0 

CHa 

CuH26--<^>--<^--04CHa-)4-CHOCH5 6 
O 



C.H1.O C 0-<g>- OCsHii 20 

o 
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(0208) 

Structural formula pts.wt 

CHa 



F 

Ci^— <^>-@>- OCH2 CHCJiia 



(0209) 

Furthermore, following representative compounds were mixed by each pts.wt. shown 
below with respect to this liquid crystal composition B, and liquid crystal composition C 
was made. 

(0210) 

Representative comp. No. Structural formula pts.wt. 

. la 



1-17 CJHi 



B 91 

(0211) 

Two sheets of glass plate of 0.7 mm thicks were prepared, and ITO membrane was 
formed on each glass plate, and electric potential electrode was made, and also Si02 was 
vaporised thereon, and insulating Jayer was formed. Silane coupling agent [KBM-602 
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made by Shin-Etsu Chemicals (KK)] 0.2 % isopropyl alcohol solution was applied on 

glass plate with a spinner of number of rotations 2000 r.p.m for 1 5 seconds, and surface 
treatment was carried out. Thereafter baking treatment was carried out at 1 20**C for 20 
minutes. 

(0212) 

Polyimide resin precursor (SP-5I0 made by Toray Co. Ltd.) 1.5 % dimethylacetamide 
solution was applied on furdiermore the surface treated and ITO membrane formed glass 
plate with a spinner of number of rotations 2000 r.p.m for 15 seconds. After the film 
formation, the It is formed into a film, SOO^'C heat condensation baking treatment was 
carried out for 60 minutes. During this time, the film thickness of coated film was about 
250 A. 

(0213) 

Rubbing treatment with acetate filled cloth was carried out on this post-baking film, 
thereafter, it was washed with isopropyl alcohol liquid, then alumina beads of average 
particle diameter 2 micrometer was scattered on one of the glass plate, thereafter 
respective rubbing treatment axis was arranged in parallel to each other, the glass plates 
were laminated using adhesive sealing agent [Lixon bond made by Chisso (KK)], it was 
heated and dried at 100°C for 60 minutes, and cell was formed. 

(0214) 

Liquid crystal composition C was injected into this cell under isotropy liquid state, and 
ferroelectric liquid ciystal element was made by gradually cooling to 25^C at 20°C/h 
from the isotropic phase. The cell thickness of this cell was measured by Berek 
compensator to be about 2 micrometer. 

(0215) 

Using this ferroelectric liquid crystal element, tiie optical response under the crossed 
nicol (quantity of transmitted beam change 0-90 %) was detected by an electric potential 
size Ps of spontaneous polarization and peak-to-peak voltage Vpp = 20V, and the 
response rate (hereinafter, abbreviated as optical response rate) was measured. The 
measurement result thereof is shown below. 
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(0216) 
Table 1 

10°C 25^*0 40**C 

Response rate 525 ^ sec 262 sec 143 sec. 

(0217) 

Comparative Example 1 

Ferroelectric liquid crystal element was made by completely the same process as in 
Example S except that tiie liquid crystal composition B mixed in Example 5 was injected 
into cell, and optical response rate was measured. The measurement result thereof is 
shown below. 

(0218) 
Table 2 

lO^C 25'='C 40°C 

Response rate 653 sec 3 1 7 h- sec 1 59 sec. 

(0219) 
Example 6. 

Representative compounds shown below were mixed by each pts.wt. shown below 
instead of representative compounds 1-11, 17, 27 used in Example 5, and liquid crystal 
composition D was made. 
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(0220) 

Representative comp. No. Structural formula pts.wt. 



1-7 



1-20 



1-81 




B 90 

(0221) 

Ferroelectric liquid crystal element was made by completely the same process as in 

Example 5 except that this liquid crystal composition was used, and optical response rate 
was measured by same process as in Example 5. The measurement result thereof is 
shown below. 

(0222) 
Table 3 

10*>C 25°C 40°C 

Response rate 536 ^ sec 266 \k sec 148 ^ sec. 

(0223) 
Example 7. 

Representative compounds shown below were mixed by each pts.wt. shown below 
instead of representative compounds I-U, 17, 27 used in Example 5, and liquid crystal 
composition E was made. 
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(0224) 

Representative comp. No, Stnictural formula pts.wt. 



1-58 



1-61 




1-70 C^"K>^f^^^oc.., ' 

(0225) 

Ferroelectric liquid crystal element was made by completely the same process as in 
Example 5 except that this liquid crystal composition was used, and optical response rate 
was measured by same process as in Example 5. Measurement the results are shown 
below. 

(0226) 
Table 4 

10*C 25X 40*»C 

Response rate 579 ^ sec 290 \k sec 1 52 sec. 

(0227) 
Eiumple 8. 

Following compounds were mixed by the following pts.wt, and liquid crystal 
composition F was made. 
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(022S) 

Structural fomiula pts.wt 

C«fl»r-<^-<^- OCJI,, 6 

CH. 

CH. 

C.JIaD-^|-@-0-(-CHa^^Kai. 14 

C«ILi-<^V-<^-C.Hu 8 

C^-<§2-©-H(^CJi 4 

CJl, -©>-<§>-@- OCJIu 2 



CJI, -<(h)>- C 0-<g>-^>- CuH» 



10 



G>H.,-(H]>-|0-<g>-<^>-C.JlB 5 

C«iLiO-<g>- C S — <§>— OGHo 10 
0 
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(0229) 

Structural formula pts.wt. 
C-H., --<@>--COHg>"<@KOCH,iHCrfl* 7 

o 



CioH»i--@)-@>- OCH. -@>- cji« 

F 

Cuila6— <^^— OCH2 iHCJlu 



CbHx, -H(ir>— C OCH2 CHCeHi. 2 

h * 

CH5 

O 

Ola 

CaHaBO-^^--^^O4CH«-)jCH0CBH7 3 

(0230) 

Furthermore, following representative compounds were mixed by each pts.wt, shown 
below with respect to this liquid crystal composition F, and liquid crystal composition G 
was made. 
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(0231) 

Representative comp. No. Structural formula pts.wt. 
1 - 15 CsHu -<^>--<§>-^V- CbH„ 3 

CF. 

1-50 CJi. --<[^-^-^-0CCH«iHC6Hi, 2 

O 

1-83 CJia -<C^-^>-^>-C«H» 3 

F . - 92 

(0232) 

Ferroelectric liquid crystal element was made by completely the same process as in 
Example 5 except that liquid crystal composition G was injected into cell, and optica] 
response rate was measured. The measurement result thereof is shown below. 

(0233) 
Table 5 

10°C 25°C 40°C 

Response rate S67 [x. sec 299 [x. sec 162 |x sec. 

(0234) 

Comparative EiLample 2 

Ferroelectric liquid crystal element was made by completely the same process as in 
Example 5 except that liquid crystal composition F mixed in Example S was injected into 
cell, and optical response rate was measured. The measurement result thereof is shown 
below. 

(0235) 
Table 6 

lO^^C 25X 40*C 

Response rate 668 ^ sec 340 fx sec 1S2 sec. 
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(0236) 
Example 9. 

Representative compounds shown below were mixed by each pts.wt. shown below 
instead of representative compounds 1-15, 50, 83 used with Example 8, and liquid crystal 
composition H was made. 

(0237) 

Representative comp. No. Structural formula pts.wt. 



1-4 



1-9 



1-40 




F 92 

(0238) 

Ferroelectric liquid crystal element was made by completely the same process as in 
Example 5 except that this liquid crystal composition was used, and optical response rate 
was measured by same process as in Example 5. The measurement result thereof is 
shown below. 

(0239) 
Table 7 

10°C 25*»C 40°C 

Response rate 594 ^ sec 313 sec 168 ^ sec. 

(0240) 
Eicample 10. 

Representative compounds shown below were mixed by each pts.wt. shown below 
instead of representative compounds 1*15, 50, 83 used in Example 8, and liquid crystal 
composition J was made. 
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(0241) 

Representative comp. No. Structural formula pts.wt. 
1-63 C.cSl2.^(^-^^0C-J^-CMr, 4 

1 - 64 CeHia '^^E)^ ^ 



1-90 



F 90 

(0242) 

Ferroelectric liquid crystal element was made by completely the same process as in 
Example 5 except that this liquid crystal composition was used, and optical response rate 
was measured by same process as in Example 5. The measurement result thereof is 
shown below. 

(0243) 
Table 8 

10**C 25*'C 40*>C 

Respotise rate 623 \x sec 322 \i sec \73 \k sec. 

(0244) 
Example 11. 

Following compounds were mixed by the following pts.wt, and liquid crystal 
composition K was made. 
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(0245) 



Structural formula 


pts.wt 


CH„ ~<^-<^- OCJI,, 


12 


C„H»-(^|-@>- OCJIi. 


10 


CH. 

CH" -<^-<^- 04 CH. ^ AhCA 


10 


CHs 


3 




8 




4 


0 


6 


C.H17 -(h)- C 0 CnH» 
0 


2 




8 


CHa 

CioHaiO JO--<^- OCH2 iHCHs 
0 


15 
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(0246) 



Structural formula pts.wt. 

C4HQ 



CH, CH. 

Ceft,^o-<g>- c o-<gHg>- o c ^HoaHa 

O O 

CI CHs 



(0247) 

Furthermore, following representative compounds were mixed by each pts.wt. shown 
below with respect to this liquid crystal composition K, and liquid crystal composition L 
was made. 



©Rising Sun Communications Ltd, 



littp:/Mww,risingsun. co. uk 



JPOS'239069 



87 Caution : Translation Standard 

Is Post-Edited Machine Translation 



(0248) 

Representative comp. No. Structural formula pts.wt 




K d2> 

(0249) 

Ferroelectric liquid ciystal element was made by completely the same process as in 
Example 5 except that liquid crystal composition L was injected into cell, and optical 
response rate was measured. The measurement result thereof is shown below. 

(0250) 
Table 9 

10°C 25*^C 40^ 

Response rate 64$ \i sec 325 [x sec 173 sec. 

(0251) 

Comparative Example 3 

Ferroelectric liquid crystal element was made by completely the same process as in 
Example 5 except that liquid crystal composition K mixed in Example 1 1 was injected 
into cell, and optical response rate was measured. The measurement result thereof is 
shown below. 

(0252) 
Table 10 

10°C 25°C 40°C 

Response rate 784 ]x sec 373 ^ sec 197 ^ sec. 
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(0253) 
Example 12. 

Representative compounds shown below were mixed by each pts.wt. shown below 
instead of representative compounds J-54, 37, 42 used in Example 11, and liquid crystal 
composition M was made. 

(0254) 

Representative comp. No. Structural formula ~ pts.vt^. 
1-43 CuHa--(^--((g>-<^^ 3 



1-74 C.H„-<;^-@^CO-<^^C(XUl. 3 

0 o 

1-65 CJIw-H(]^--^^CX:H,H§>-CiiHi3 3 



..^ _ K ... 9^ 

(0255) 

Ferroelectric liquid crystal element was made by completely the same process as in 
Example 5 except that this liquid ciystal composition was used, and optical response rate 
was measured by same process as in Example 5. The measurement result thereof is 
shown below. 

(0256) 
Table 11 

IC^C 25^C 40^C 

Response rate 6S8 \x sec 340 pi sec 1 80 \i sec. 

(0257) 

As may be clear from Examples 4-12 that the ferroelectric liquid crystal elements 
containing liquid crystal composition C, D, £, G, H, J and L, M in accordance with this 
invention showed improved action character and high speed responsivity at low 
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temperature, and moreover, the temperature dependency of response rate was also 
reduced. 

(0258) 
Example 13. 

Ferroelectric liquid crystal element was produced by completely the same process using 
polyvinyl alcohol resin (PUA-1 1 7 made by Kuraray (KK)) 2 % aqueous solution instead 
of polyimide resin precursor 1.5 % dimethylacetamide solution used with Example 5, and 
optical response rate was measured by same process as in Example 5. The measurement 
result thereof is shown below. 

(0259) 
Table 12 

10*»C 25**C 40X 

Response rate 558 |a sec 296 ^ sec 160(isec. 

(0260) 
Example 14. 

Ferroelectric liquid crystal element was made by completely the same process as in 
Example 5 except that orientation controlling layer was made only with polyimide resin 
without using Si02 which was used with Example 5, and optical response rate was 
measured by same process as in Example 5. The measurement result thereof is shown 
below. 

(0261) 
Table 13 

10**C 25*»C 40°C 

Response rate 550 \k sec 292 ^ sec 158 m- sec. 

(0262) 

As may be clear from Example 13 and 14 that even when the element composition was 
changed, the element containing ferroelectric liquid cxystal composition in accordance 

with this invention showed marked improvement of low temperature action character and 
also reduced temperature dependency of response rate in the same way as in Example 5. 

(0263) 
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Advantages Afforded bv this Invention 

The compounds of this invention, if displaying chiral smectic phase by themselves, 
comprise the materials that can be effectively applied to element using ferroelectricity. 
Moreover, when tiie liquid crystal composition containing the compound of this invention 
displays chiral smectic phase, the element containing the said liquid crystal composition 
can be driven using the ferroelectricity displayed by the said liquid crystal composition. 
The ferroelectric liquid crystal elements which can be used m this way have good 
switching character, and can be made into liquid crystal elements with improved low 
temperature action character and liquid crystal elements with reduced temperature 
dependency of response rate. 

(0264) 

Moreover, the visual display unit that combined the liquid crystal molecule of this 
invention as display element with light source and drive circuit makes a good device. 

Brief Description of the Figures 

Figure 1 

Figure I comprises a cross-sectional schematic diagram of an example of liquid crystal 
element using the liquid crystal that displays chiral smectic phase. 

Figure 2 

Figure 2 comprises an oblique view showing representation of an example of element cell 
for the explanation of action of the liquid crystal element using the ferroelectricity of the 
liquid ciystal. 

Figure 3 

Figure 3 comprises an oblique view showing representation of an example of element cell 
for the explanation of action of liquid ciystal molecule using the ferroelectricity of the 
liquid ciystal. 

Figure 4 

Figure 4 comprises a block constitution diagram showing the liquid crystal display 
apparatus containing the liquid crystal molecule using ferroelectricity and graphics 
controller. 

Figure 5 
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Figure 5 comprises a image infonnation communication timing chart between the liquid 
crystal display apparatus and graphics controller. 

Key to Symbols 

1 . The liquid crystal layer having chiral smectic phase 

2. Glass base plate 

3. Transparent electrode 

4. Insulating orientation controlling layer 

5. Spacer 

6. Lead wire 

7. A power supply 

8. Polarizing plate 

9. Light source 

10. Incident beam 

I. Transmitted beam 
21a. Base plate 
21b. Base plate 

22. Liquid crystal layer having chiral smectic phase 

23. Liquid crystal molecules 

24. Dipolar moment (PjJ 

3 1 a. Voltage applying means 
3 1 b. Voltage applying means 
33a. First sUble state 
33b. Second stable state 
34a. Upward dipolar moment 
34b. Downward dipolar moment 
Ea. Upward electric field 
Eb. Downward electric field 

101 . Ferroelectric liquid crystal display ^paratus 

102. Graphics controller 

103. Display panel 

104. Scanning beam drive circuit 

105. Information line drive circuit 

106. Decoder 

107. Scanning signal generating circuit 

108. Shift register 

109. Line memory 
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110. Information signal generating circuit 

111. Drive control circuit 

112. GCPU 

113. Host CPU 

114. VRAM. 



Insulating orientation 
controlling layer 

Liquid crysial layer 

Spacer 



Figure 1 




4 
1 

4 



Polarising plate 

Glass base plate 
Transparent electrode 



;s^ssssssssssssssssssssssssss& 



-4 



^ I ^ Incident light 
Light source 



>3 



<y Electric power 
y' source 



—6 



Lead wire 



polarising plate 



Figure 2 
2 ^ { pj^ ^ Dipoler moment 




23 




22 Liquid Giystal molecule 



211) Baseplate 



23 ^ ^^V^^ crystal molecules 
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Figures 



36 Q{ Pa } , upward dipolcr moment 
33q First stable state 



Second stable state 
S4b(Pb) Downward dipolei moment 



21a 

L 




Electric field 



Figure 4 



fjtt Information Ime drive circuit 

y--- 




S ^ lft re gister 
Liny pfefnory 
Infontiation signal generating circuit 



j Display informatkm 

CF=- 



Display panel 
(12S0X 1120 dot) 




1 Ferroelectric liquid crystal 
' display apparatus 



Graphics controller 



m. Scanning line drive circuit 



SSGC: Scanning signal generating circuit, SLAI: Scanning line address information, 
DCC: Drive control circuit 
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"s^Sc" ..ji nnfim injTi"injm" — -innnjirLm---mrui- 
^/OL I r 



I \ UisplBy info. 
Scanningjinc address info. 



TfA/C 



— ^ I "Display info. 
Scannii^ line address info. 
Horizontal scanning period 



-um 



-3®( 
-3S( 



Horizontal scanning period 
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